Objectives: To find out whether the SF-36 Physical and Mental Health Summary (PCS and MCS) Scales were valid and equivalent in the Chinese population in Hong Kong (HK) or not.
Introduction
Health-related quality of life (HRQOL), defined by Bullinger et al [1] as 'the impact of perceived health on an individual's ability to live a fulfilling life', is becoming an important outcome measure in health services and clinical trials. The MOS 36-item Shortform Health Survey (SF-36) is a popular health-related quality of life measure (HRQOL) that has been translated and validated for Chinese adults in Hong Kong [2] [3] [4] [5] . The SF-36 has eight scales measuring eight domains of HRQOL: physical functioning (PF); role-physical (RP), i.e. limitation in daily role functioning due to physical problems; role-emotional (RE),
i.e. limitation in daily role functioning due to emotional problems; bodily pain (BP); general health perception (GH); vitality (VT); social functioning (SF) and mental health perception (MH). Each scale consists of two to ten items, and each item is rated on a two to six point Likert scale. The scale score is calculated by summation of all the scores of items belonging to the same scale. A profile of eight scale scores, although informative, can be difficult to interpret as an outcome measure in clinical trials [6] . Ware et al hypothesized that there were two principal factors, namely the physical and the mental components, underlying the eight SF-36 scales [6] [7] [8] . This two-factor structure was demonstrated in the general population in the United States (US); the physical health summary (PCS) and mental health summary (MCS) components explained 60% of the total variance of the SF-36 scale scores [6] [7] [8] . The physical component correlated strongly (r ≥0.7) with the physical functioning (PF), role-physical (RP) and bodily pain (BP) scales but weakly (r ≤0.3) with the mental health (MH), role-emotional (RE) and social functioning (SF) scales, while the mental component correlated strongly with the MH, RE and SF scales but weakly with the PF, RP and BP scales. The general health (GH) and vitality (VT) were bipolar scales that loaded moderately (0.3 < r < 0.7) on both physical and mental components [6] [7] [8] .
The PCS and MCS Scales summarise the eight SF-36 scale scores into two summary scores that give an overall assessment of quality of life related to physical and mental health, respectively. The PCS and MCS scores are easier to interpret and simpler to analyse statistically in clinical trials and longitudinal studies [6, 7] . Since different SF-36 scales correlate with each of the two factors differently, they are weighted by the appropriate physical or mental factor coefficients before aggregation to form the two summary scores.
Norm-based scoring with z-score transformation [(observed score-population mean) / population standard deviation], and standardization of the population mean and standard deviation (SD) to 50 and 10, respectively, are recommended for easier interpretation [6] .
The SF-36 PCS and MCS scoring algorithm is summarized below: -
SF-36 PCS = Σ (z score of each scale x respective physical factor coefficient) x 10 + 50

SF-36 MCS = Σ (z score of each scale x respective mental factor coefficient) x 10 + 50
The standard SF-36 PCS and MCS Scales scoring algorithm uses the population means, standard deviations, and factor coefficients derived from the US general population [6] . A multinational study showed similar factor structures and equivalent population mean PCS and MCS scores between the US and nine European countries [8, 9] . Ware et al recommended that the standard (US), instead of country-specific, SF-36 PCS and MCS Scales and scoring algorithm should be used in these countries. However, Data from the Japanese general population and several Chinese populations showed that the two principal factor structure and loadings of the SF-36 scales were different from those found in the US population [10] [11] [12] [13] . These studies found that the role-emotional scale loaded more strongly (r = 0.62 to 0.82) on the physical than the mental component (r = 0.19 to 0.49), which was reverse of that found in the US (physical: r = 0.17, mental: r = 0.78). The vitality scale loaded strongly (r = 0.79 to 0.88) on the mental component but only weakly (r = 0.21 to 0.37) on the physical component in these populations instead of the moderate correlations with both components found in the US ( physical: r =0.47, mental: r =0.64). This raised a concern of whether the standard PCS and MCS Scales were applicable to Asian populations whose cultures may differ more than the European cultures from that of the US.
The aim of this study was to find out whether the SF-36 PCS and MCS Scales were valid, reliable and equivalent for the Chinese adult population in Hong Kong (HK) or not.
We would also like to find out whether a HK specific scoring algorithm using factor coefficients derived from the HK general population would give equivalent results as those of the standard algorithm. Evidence on validity and reliability would support the use of the SF-36 PCS and MCS Scales in Hong Kong. Equivalence in the results between the US and HK Chinese populations implies that the standard SF-36 PCS and MCS Scales can be used as a cross-cultural HRQOL measure in international studies and global drug trials [14] .
Methods
Data of 2410 Chinese adults randomly selected from the general population in Hong
Kong that were collected in a cross-sectional norming study of the Chinese (Hong Kong) SF-36 Health Survey in 1998 were used. The detailed sampling and data collection methods have been described in previous papers [3, 5] . The sociodemographic characteristics of the subjects are compared to those of the HK general adult population in Table 1 .
The data were tested against the following hypotheses: -1. Two principal component factors with eigenvalues greater than 1.0 can be extracted from the eight SF-36 scale scores, which can explain at least 60% of the total variance of the SF-36 scores, and ≥ 70% of the reliable variance of each scale score [6, 8] .
2. The two-factor structure and loadings extracted from the SF-36 scale scores of the Chinese adult population in Hong Kong are similar to those of the US population.
3. The internal reliabilities of the PCS and MCS Scales are comparable to those of the individual SF-36 Scales, and the coefficients would be greater than 0.7 [6] . 4 . The PCS and MCS scores of people with chronic diseases are lower than those of people without any chronic disease, the PCS score should be reduced more than the MCS score in patients with a predominantly physical condition such as heart disease, and the MCS score should be reduced more than the PCS score in patients with a psychological condition [6, 7] .
5. The correlation between the PCS and MCS scores should be very weak (close to zero) because they measure separate concepts [8, 9] .
6. The PCS and MCS scores calculated by the HK specific and the standard algorithms should have very strong correlations (>0.90) and measurement equivalence [9] . The standard SF-36 PCS and MCS scores were calculated by the scoring algorithm described in the SF-36 Physical and Mental Health Summary Scales User's Manual [6] . The HK specific SF-36 PCS and MCS scores were calculated with the means, SD and factor coefficients derived from the HK general Chinese population sample. Correlations between PCS and MCS scores were determined by Pearson Correlation Tests.
The internal reliability of the standard and HK specific PCS and MCS Scales were calculated by the method recommended by Ware et al, which takes into account the internal reliability of each scale and the covariances among them [6] .
The standard and HK specific mean SF-36 PCS and MCS scores were calculated for the whole sample, and by chronic disease groups. The presence of chronic disease was defined by self-reporting. Each subject was asked if he/she had ever been diagnosed by a doctor to have hypertension, diabetes mellitus, heart disease, stroke, chronic pulmonary disease, chronic joint problem, psychological illness, or any other chronic disease. The significance of the differences between each disease group and the no-disease group was tested by two-sample t test and a p value ≤ 0.05 was considered statistically significant.
Scores were considered to have measurement equivalence if the effect size difference was less than 0.5, which has been recommended by many to be the minimally important difference (MID) [15] [16] [17] . The effect size difference between the standard and HK specific PCS and MCS scores was calculated by dividing their difference by the SD of the HK specific summary score. The mean standard SF-36 PCS and MCS scores of subjects with hypertension, diabetes mellitus, heart diseases and psychological problems were compared to the mean scores of corresponding disease groups from the US general population [6] . The effect size difference in the standard PCS and MCS scores between US and HK patients was calculated by dividing their differences by the SD of the HK disease group.
All data analyses were carried out by the SPSS Programme for Windows 10.0.
Results
The Hong Kong Specific SF-36 PCS and MCS Scales
Two principal component factors were extracted from the eight SF-36 scale scores and the eigenvalues were 3.4968 and 1.1118 for the first two components, respectively. The two principal factor structure and factor loadings, after varimax rotation, of the SF-36 scale scores of the HK Chinese adult population is shown in Table 2 . The physical (first) component correlated more strongly with the physical functioning (PF), role-physical (RP) bodily pain (BP) and general health (GH) than other scales, while the mental component correlated more strongly with the mental health (MH), role-emotional (RE) and social functioning (SF) than other scales. The vitality (VT) scale loaded moderately on both physical and mental (second) components. The results were largely similar to those found in the US population, which are shown in brackets in Table 2 .
The factor coefficients and the variances of each scale explained by the two factors in the Hong Kong Chinese population are shown in Table 3 . The standard factor coefficients derived from the US general population are also shown in brackets for comparison. The two factors explained 57.6% of the total variance of the scale scores. They explained 63% to 88% of the reliable variance of each scale. The scoring algorithm of the HK specific SF-36 MCS and PCS Scales derived from the SF-36 scale means, standard deviations and factor coefficients of the Hong Kong general population is shown in Table 4 .
Construct Validity and Reliability of the SF-36 PCS and MCS Scales
The correlations between the corresponding standard and HK specific SF-36 summary scores were close to unity (0.975 for the PCS and 0.985 for the MCS). The correlations between the PCS and MCS scores were zero for the HK specific scores and -0.126 for the standard scores.
The means, standard deviations of the standard and HK specific SF-36 PCS and MCS of the whole sample and different self-reported morbidity groups are shown in Table 5 . The summary scores of people with any type of chronic disease were all significantly lower than those of people without any chronic disease. Heart disease, hypertension and diabetes mellitus were associated with significantly lower PCS scores but an insignificant reduction in the MCS score. The PCS and MCS of people with psychological diseases were both significantly lowered, compared with people without any chronic disease.
The internal reliability coefficients of the standard PCS and MCS Scales were 0.85 and 0.86, respectively. The internal reliability coefficients of the HK specific PCS and MCS Scales were 0.85 and 0.87, respectively.
Equivalence of the Standard PCS and MCS Scales in Hong Kong Chinese
The mean standard PCS and MCS for the overall Hong Kong Chinese adult population were 52.83 and 47.18, respectively. They were very close to the US general population means of 50. The difference between corresponding standard and HK specific mean PCS and MCS scores ranged from 1.7 to 7.66 points for different morbidity groups.
The effect size differences were all less 0.5, except for the PCS of subjects reporting to have heart diseases (Table 5) . Table 6 compares the standard SF-36 PCS and MCS scores of the HK Chinese population with those of the US general population by four chronic disease groups. The differences in scores ranged from 0.8 to 5.3, and the effect size differences were all less than 0.5.
Discussion
Construct Validity and Reliability of the SF-36 Physical and Mental Health Summary Scales
The hypothesized two principal factor structure of the SF-36 scales was replicated in the general Chinese population in Hong Kong, and the factor loadings were similar to those found in the US population [6, 7] . The physical factor loading in the general health (GH) Scale was relatively stronger than hypothesized but similar to that found in the US population.
This confirmed the construct validity of the internal factor structure of the SF-36 PCS and MCS Scales for the Hong Kong Chinese population. The eight Chinese (Hong Kong) SF-36 scales scores can be summarised into two (physical and mental health) summary scores.
This was the first study that replicated the original two-factor structure of the standard PCS and MCS Scales on a general population in Asia. The SF-36 scale factor structure and loadings from three Asian general populations are compared to those of the Chinese population in Hong Kong found in this study in Table 7 . Major differences in the factor structure and loadings are found in the RE and VT scales between the Hong Kong population and other Asian populations. Thumboo et al found that the role-emotional (RE) scale loaded more strongly on the physical component than the mental component and the vitality (VT) scale loaded strongly on the mental factor but weakly on the physical factor in the general Chinese population in Singapore [12] . Similar deviations in the factor structure were also found in the general population in Japan [11] . The RE scale loaded moderately on both the physical and mental components, and the VT scale loaded strongly on the mental component but weakly on the physical component in the Chinese population in Taiwan [18] . The factor structure and loading of the Chinese population in Hong Kong was more similar to those of Caucasian populations in the US and Europe than those of Asian populations [9] . A possible explanation is the westernization of the life and culture in Hong Kong as a result of British governance for more than 150 years from 1842 to 1997. Westernization might also be the reason why bilingual Chinese in Singapore and the US had factor structure and loadings similar to those of the US general population instead of other Chinese people in the same countries [19, 20] . It is interesting that Chinese people in different places [13, 19, 20] , and even within the same society [12, 19] can have different factor structures for the same HRQOL measure, therefore one cannot extrapolate the results from one population to another without empirical testing.
The proportion of total variance in the scale scores explained by the two factors was very close to the expected standard of 60%, suggesting that the PCS and MCS Scales is a valid summary of the Chinese (Hong Kong) SF-36 scale scores. It must be pointed out that a significant proportion of the variance in the scores of each individual SF-36 scale was not explained, thus the summary scores may be less precise or sensitive than the best SF-36 scale if the difference or change concentrates in one domain [6] .
The correlations between the corresponding standard and HK specific PCS and MCS scores were near unity, confirming convergent validity. On the other hand, the standard PCS and MCS scores were negatively correlated, and the Hong Kong specific PCS and MCS had zero correlation, indicating that the physical and mental health summary scores measure two totally different concepts, which cannot be further combined.
Construct validity of the SF-36 PCS and MCS Scales was also confirmed by known group comparison. There was a significant difference in the scores between groups with and without chronic diseases. Heart disease, hypertension and diabetes mellitus were associated with significant reductions in the PCS but not the MCS, as hypothesized for predominantly physical diseases [6, 7] . Psychological diseases were associated with about the same reduction in the PCS and MCS scores, contrary to McHorney et al's finding on subjects who were screened positive of depression [7] . Subjects in this Hong Kong study had known psychological diseases, which were likely to be more severe than those of subjects in McHorney et al's study. Other studies also found that patients with diagnosed mental disorders had impairment in all SF-36 domains [21, 22] . Physical diseases or symptoms are common in patients with psychiatric diseases [23] , and Chinese patients have a tendency to somatize their psychological problems [24] [25] [26] . All these factors explained why the PCS score of the HK Chinese people with psychological illnesses were lower than normal.
The internal reliability coefficients of the PCS and MCS Scales (0.85 -0.87) were generally higher than those of the individual SF-36 scales (0.65-0.83), and they were just short of the standard of 0.9 for individual assessment [27] . The reliability of the MCS Scale found in the HK population was similar to those of the US and nine European populations 
Equivalence of the SF-36 PCS and MCS Scales
The measurement equivalence of the standard SF-36 PCS and MCS Scales between the HK and US populations was very high. The mean scores of the general Chinese population were no more than three points different from the US population mean of 50, although the differences in the unadjusted mean SF-36 scale scores between the two populations were generally large [3] . This illustrates the advantage of norm-based scoring and summary scores over profile scale scores for cross-cultural comparisons and data pooling.
Hypertension, diabetes mellitus, heart diseases and psychological problems were used as tracer conditions for the assessment of measurement equivalence because they were common, relatively well-defined, and data from the US general population were available [6] .
The SF-36 PCS and MCS scores of patients with each of these chronic diseases were largely equivalent between the HK and US populations. The difference in the PCS scores of people with heart diseases were relatively larger than those found in other groups because different case definitions for heart diseases were used in the HK and US studies [3, 6] . Scores of US subjects with self-reported angina had to be used for comparison with those of HK subjects reporting any heart diseases because US data on all heart diseases subjects were not available.
It was not surprising that the US scores were lower than the HK scores because some of the HK subjects might have relatively mild heart diseases. The SF-36 PCS and MCS Scales seem to be quite robust in determining the level of HRQOL impairment associated with a specific condition across different cultures, which makes it a suitable cross-cultural measure.
There is potential for pooling the SF-36 PCS and MCS Scales data from the US and HK Chinese populations in multi-centre trials, but this needs to be confirmed by further studies that include subjects from both populations.
There were little differences between the factor coefficients derived from the HK Chinese population and those of the standard algorithm derived from the US population. The greatest effect size difference between the standard and HK specific PCS and MCS scores was 0.52 found in people reporting heart diseases. The difference would be smaller if the standard PCS and MCS scores were norm-based on the HK Chinese population mean and SD.
Conclusions
The hypothesized two-factor structure of the SF-36 scales was replicated from the SF-36 data of the general Chinese population in Hong Kong, and the two factors explained 57.6% of the total variance of the SF-36 Scale scores and 63% to 88% of the reliable variance of each scale. The SF-36 PCS and MCS scores showed the expected difference between known chronic disease groups, further supporting their construct validity. 
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